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1	Introduction
Currently,	proton	exchange	membrane	 fuel	cells	 (PEMFC)	are	 the	 focus	of	attention	 in	 the	development	of	electrochemical	devices	called	 fuel	cells.	These	devices,	which	are	capable	of	 transforming	chemical	energy	 into
electrical	energy,	have	shown	high	performance	in	the	conversion	of	energy	from	fuels	such	as	hydrogen	and	methanol	[1].	The	operation	of	a	PEMFC	is	similar	to	that	of	a	galvanic	cell	where	the	electrons	produced	travel	through	an





































prepared	using	 the	modified	ZIFs	 (ZIFsT)	as	 fillers	 into	 the	polymer	base	polyetherimide	 (PEI),	 forming	a	mixed	matrix	membrane	 (MMM),	PEI/ZIFsT.	Our	study	 focused	on	 the	protonic	conductivities	of	 the	ZIFsT	and	PEI/ZIFsT



































































Sample Temperature/°C Imidazole	ring	band	((C4H5N2)2M)b) Methylene	group	band	(TBAH) TBA	Abs/12	CH2	units
(C4H5N2)	Abs/24	rings	in	a	cell	unit
Z8T 25 81.6 20.1 0.49
120 83.5 20.3 0.49
150 85.3 20.5 0.48
310 73 8.9 0.24
Z67T 25 81.6 21 0.51
120 82.9 21.1 0.51
230 84.8 21.4 0.50
310 73.9 8.7 0.24
ZMixT 25 96 65 1.35
120 97.7 62.4 1.28
230 99.3 50.9 1.03































Sample BET	surface	area	(m2	g−1) Langmuir	surface	area	(m2	g−1) Micropore	volume	(cm3	g−1)
Z8 1279.4 1772.1 0.62
ZMix 1179.7 1634.3 0.53
Z67 1024.1 1420.1 0.48




















consequence	of	 the	 inclusion	of	 the	organic	 salt	TBAH.	The	greater	hydrophilic	 character	of	 the	Z8T	and	Z67T	cavities	 facilitates	 the	access	of	water	molecules	 to	both	 the	occupied	and	unoccupied	cavities	due	 to	migration	of
hydroxide	(OH−)	 ions	 [11,22].	 In	addition	 to	 the	hydrophilic	 character	of	 the	cavity	of	ZMixT,	 the	 local	 anisotropic	electric	 field	 should	be	considered	 to	explain	 the	 increase	 in	 the	concentration	of	 charge	carriers	and	 the	better
conductivity	of	ZMixT.	The	saturated	experimental	condition	under	which	the	conductivity	analyses	are	carried	out	is	the	source	of	the	increase	in	charge	carriers.

















pure	 ZIFsTW.	 This	 suggests	 that	 the	 interaction	 between	 the	 ions	 and	 the	 polymer	matrix	may	 play	 an	 important	 role	 in	 determining	 the	 relationship	 between	 ionic	 transport	 and	 structural	 relaxation	 in	 terms	 of	 temperature
dependence	as	the	fillers	are	incorporated	within	the	polymeric	matrix.
A	more	quantitative	analysis	of	the	variation	of	the	conductivity	with	temperature	for	the	MMMs	can	be	observed	in	Fig.	5d,	 in	which	the	temperature	dependence	of	the	conductivities	for	the	MMMs	is	plotted	for	PZ8TW,




Taking	 into	account	that	 the	activation	energy	of	our	 fillers	 is	 in	the	range	between	0.13	eV	in	case	of	ZMixTW	and	0.11	eV	 for	Z8TW,	we	suggest	 that	water	molecules	play	an	 important	role	 to	 the	mechanism	of	proton

























Temperature/°C fMAX	×10−3/Hz fON	×10−6/Hz εs	(theor) εs	(exp) σdc	×103	(S	cm−1) fEP	×10−3/Hz fc	×10−3/Hz
Z8TW
25 6.3 1.0 9.9 – 1.0 6.2 30.0
35 6.3 1.1 9.5 – 1.1 6.2 32.0
45 6.3 1.2 9.3 – 1.3 6.2 35.0
55 6.3 1.3 9.1 – 1.4 6.3 37.0
Fig.	6	Double	logarithmic	plot	of	the	real	and	imaginary	permittivity	and	conductivity	in	S	cm−1	(ε’,	ε”,	σ’	and	σ”)	versus	frequency	for	Z8TW,	Z67TW,	and	ZMixTW	at	55	°C.
alt-text:	Fig.	6
65 6.3 1.4 8.8 – 1.6 6.3 39.0
75 6.3 1.5 8.7 – 1.9 6.3 43.0
Z67TW
25 25.1 1.7 16.5 – 1.1 25.1 158.0
35 24.0 2.0 13.6 – 1.2 25.2 251.0
45 25.1 2.2 12.4 – 1.3 25.2 398.0
55 25.1 2.5 10.7 – 1.4 25.2 571.0
65 35.5 3.1 10.4 – 1.6 25.2 800.0
75 63.1 4.3 10.8 – 1.8 25.3 1200.0
ZMixTW
25 2.5 6.2 17.4 – 1.4 1.5 6.3
35 2.5 8.9 12.0 – 2.0 1.5 10.0
45 2.6 1.0 10.9 – 2.3 1.6 15.8
55 2.8 1.2 8.6 – 2.7 1.6 39.8
65 3.1 1.5 7.2 – 2.9 1.6 63.1
75 3.3 1.7 5.8 – 3.0 1.6 100.0
PZ8TW
25 0.2 1.7 19.8 21.2 1.5 1.5 0.2
35 0.2 2.7 18.8 21.0 3.0 1.6 0.5
45 0.1 3.0 16.8 19.8 4.6 1.8 0.7
55 0.3 6.3 16.3 19.7 9.0 1.9 1.0
65 0.5 10.0 16.4 19.5 18.2 2.1 1.5
75 1.5 15.8 34.3 24.0 31.6 2.3 2.5
85 3.0 39.8 24.5 35.0 71.6 2.6 3.9
95 15.9 158.0 13.2 66.0 115.0 2.8 6.3
PZ67TW
25 – – – – – – –
35 – – – – 0.8 1.0 0.04
45 0.03 0.2 159.0 170.0 1.7 1.1 0.1
55 0.1 0.6 154.0 160.0 3.4 1.4 0.6
65 0.2 1.5 125.0 140.0 6.9 1.6 2.0
75 0.4 3.9 66.3 82.0 14.6 1.9 6.3
85 1.5 15.1 44.5 62.0 35.6 2.0 25.1
95 3.1 31.6 42.9 50.0 75.0 2.5 50.8
PZMixTW
25 1.1 6.3 14.6 13.6 2.9 3.5 1.0
35 1.1 7.4 13.4 13.4 3.6 2.6 1.3
45 1.1 8.3 13.2 13.4 4.4 3.6 1.6
55 1.1 9.2 12.8 13.2 5.2 3.6 1.9
65 1.2 11.4 9.7 13.0 5.9 3.6 2.2
75 1.2 13.5 8.3 12.9 6.8 3.7 2.6
85 1.2 18.8 4.6 12.9 7.4 3.7 3.0



























PMixTW,	respectively.	These	quantities	are	slightly	higher	 than	 the	activation	energy	reported	 for	Nafion-117	membranes	and	perfluorinated	membranes	doped	with	polyaniline	 [37,38].	On	 the	other	hand,	 from	the	experimental	values	 for	 tan	δ	 as	a
function	of	the	perturbation	frequency	for	all	of	the	temperature	ranges	such	as	those	shown	in	Fig.	7	for	PZIFsTW	and	the	known	thickness	of	the	samples,	L,	the	inverse	of	Debye	length,	κ,	can	be	estimated	according	to	the	following	equation	[33,37]:
Notice	 that	 the	 Eq.	 (3)	 is	 only	 valid	 in	 the	 case	 that	 κL	 >>	 1.	 From	 this	 expression	 we	 can	 calculate	 the	 values	 of	 parameter	 κL	 for	 each	 sample	 and	 temperature.	 In	 our	 MMMs	 the	 inverse	 of	 Debye	 length	 follows	 the	 trend
κ(PZ8TW)	<	κ(PZ67TW)	<	κ(PZMixTW)	at	25	°C,	varying	from	about	of	8.5	×	10−7	m−1	for	PZ8TW	to	2.6	×	10−5	m−1	in	the	case	of	PZMixTW.































Fig.	11	plots	 the	dc-conductivity	versus	 the	characteristic	 frequency,	ωc,	 for	each	of	 the	samples.	From	this	 figure,	we	saw	that	 the	Barton-Nakajima-Namikawa	(BNN)	relation	 is	satisfied	and	subsequently	suggested	that	 the	conduction	and















From	the	experimental	data	of	 the	dc-conductivity	we	have	probed	the	consistency	of	 the	Anatoly-Sherguei	 (A.	Serghei,	2009)(A.	Serghei,	2009)(A.	Serghei,	2009)	equation	 for	 the	determination	of	 the	static
permittivity	for	Z8TW,	Z67TW,	ZMixTW,	and	its	MMM	obtained	on	polyether	imide	films.
We	observed	an	overestimate	of	 ion	diffusivity,	which	may	be	 related	 to	 the	model	of	electrode	polarization	used	 in	 its	determination.	The	diffusivities	estimated	at	25	°C	are	3.1	×	10−5	 cm2	 s−1,	 2.2	×	 10−5	 cm2	 s−1,	 and
7.0	×	10−5	cm2	s−1	for	PZ8TW,	PZ67TW,	and	PZMixTW,	respectively.
From	the	analysis	of	the	free-ion	number	density	we	have	estimated	that	the	dissociation	energy	is	50	times	higher	for	PZ67TW	than	that	of	PZMixTW	and	35	times	higher	in	the	case	of	PZ8TW.	These	values	can	be	related	with
an	overestimation	of	ion	diffusivity.	These	results	can	be	attributed	to	the	electrode	polarization	analysis	of	ionic	mobility.
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Highlights
• The	ionic	pair	of	tetrabutylammonium	hydroxide	was	introduced	within	the	Z8,	Z67	and	ZMix.
• Mixed	matrix	membrane	of	PEI/ZIFsT	prepared	using	the	modified	ZIFs	as	fillers	have	been	characterized.
• The	relative	amount	of	host	molecules	in	Z8,	Z67	and	ZMix	was	determined.
• The	local	electric	anisotropy	characteristic	of	ZMix	favors	the	amount	of	doping	the	TBAH	salt.
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